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^ IrS'y ^^(film blowing process)^ 3.^}^ ^-Z.^ 

^^^d]] ^^S. ^^^i vSz]- ji^^ xjufl^j-;^^ 

-^£^>i, ^«fl free-end-point f ixed-end-pont w> 

^ (Newton's method)4 OCFE(Orthogonal Collocation on 

Finite Elements) ^4: S.'^'s}'^ ^£«B» :£#^><^ -^"^^^ S-Al-^q- 

^i^Cdraw resonance)^ S-^tb Ir-^J:^^^^ (instabilities)*^ ^-sfl^i 
si ^(optimization)^ ^^5|-(stabi lization)<^1 ^Att ^^l7M, "^-^^ ^ 

£. 3 

:tfl- Ir^^j ^IwB^d-^-^. Tr€- , OCFE, ^^Js)-, 

Ir'y:^^^^, ^^sl-. ^J-^l7fl^, ^S^^i:, ^^S^V, ^^^^ , ^^Si^, igr^l^^ 
711^, al^^V €S.7M 
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IrS-^a S-A>^ £.# «j-^{A method for 

solving transient solution and dynamics in film blowing process} 

<i> £ 1^ 1:S.<^J ^^^^ M-B^-ia ^<^1^. 

<2> 5. 2^ ^S. (Deo =0.07, e =0.015, 1=0.1, U=0.034, Dr=35, 9 

0=200 °C)» ^]^^}<^ ^ sl^ 7^^(NEopt=5)^ ^fl^ ^1^ 

(collocation point )^ 7j^^(NPopt=5)* ^4^^ ll3flS<^m. ^^^^ 

NE=4, NP=5(--); NE=5, NP=4( ); ^^tt NE=5, NP=5(-); NE=5, NP=6(— 

); NE=6, NP=5(-). (a)^ small time^*?]:, (b)^ large time^^, (c)^ NE=5 ^ 
NP=5^ M-^^ 

5^ SA> ^ x^^^ 

<4> £ 4^ £ 331- 2:^ ^ ^-^l: yi]^ ^l^ofl t^^ ^ 

(a) t^^-^-llAi ^2^-^^>^l^ 7]^ ^KU)^, (b) ^S. 

<5> 3E 5^ tfl<^l ^^tb '?i^«1(DR=35) ^^^1- <a^^ <a-^^>(B=0.37) 
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^ 3il^>^<^l tcl-Hl- wl^^ v^-El-i^ (a)^ ^ 

^, (b)^ H ^l^goflA-^o^ (c)^ M ^l^oflA-^^ ^^1S.A> yaffil- 1^-^ 

<6> ^ m# ^S.^^ ^^(film blowing process)^ ^^ 3.^}S^ 

^^^^] ^<^]^. ^^ii^>7ii^, ^ ^1-^ 

t^z]- ^^^^ ^Iwfl^J-^^^* ^^fl free-end-point 

» fixed-end-pont ^^IS w]-^o:| § rf^, ^^"^^ OCFE( Orthogonal 

Collocation on Finite Elements) «<3-^ S'^^^'^^ 3|-s.-5fl» ^ $X 

<7> 2^ -^^(biaxial extensional deformation process)*?! 

^1- :£ 1<H1 i^Bl-Td: ti]-^ ^o], r]-o]sW-Bl o^^^o.^ wl1#JE| 

^S^W. ^ l-(nip roll)^ ^7l^ ^<^1 ^#0] ^ 

# 31^^}^ <^>7lAl^r}-^ :^6]]X\ ^ 
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€^ ^. ^ l-'^l'^i^ "51^ wl (drawdown 

ratio, DR)^ ^^'?d<=^l'^i^ ^1^ (blowup ratio, 

<8> 40^id ^tt, ^-^tt ifl-sfl §^ <='l€r^ -^-^^ -^i^^ 

^«S5]<>| ^T^. ^il-s. ^ cain^zf Denn (/b/jw. ^c/. 28: 1527, 

1988) ^ Yoon3il- Park (//2^. Fo/jw. Froc. 14: 342, 1999) ^«fl € 
# l-^'^J <=>lsit!: ^^^^ 

"^V^^ (draw resonance) ■S-^^'^^ , self-sustained limit cycle, Hopf 

bifurcation ^<^] <?^^<^-^i €^^1^ 

:a.5io:| ^^q-, til^^ ^^^^4 «?>^J^^^ M-^tfl7l ^tt 4£*fl £#'=^1 

«]: ^^^^^ '^^^l ^<i>^iil-. ^(stabilization)^ 
(optimization)* ^^^^ ^1^1^^ ^^1-* ^^^V^tll o;iol , £#0] 

til^^^^* 71-^ ^Pl^ 11}-^^^ ^Efl^ till oil- ^^1 ^^^91 

<10> -a-^^ll^fl^^^ l-^^S^ ^^O] ^^^^ ti]^^^^ tfl^O.^ 

^:^iwfl^^^ ^ ^^1- ^^^<^i-^i M-^M-^ 

(draw resonance) ^^^^^ #3x|-» ^"l^ll^l-^ 7>^ €- A^^^'l^.S., o] 
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^91^^^^ ^4*>^ -B-^ ^s^^^ wi^^ ^^^^"^ 

^^<^l>| ^^^^ ti]^^ ol^o^l ^7]^ :^]c] ^ 7]^ 7M<5l 

-^^^c^-s -il^J- ^ ^^1 ^^j^ ^:£^>^ "a-^ 

2# ^^(biaxial extension)* ^^-^ '^i^^V^ ^^-^ 

S <0:<^^^S i^fl-f ^A^>M- ti)-^ til -si] xli3fl«j-^J^o:| pflo. 

ti]^^^^ tifl^oll ^]^77}^] &JL^ w> g^t:]-. IrS^J ^ 

^>J1 Wl^^ o>pgA^ 7]-^^l ^}J17.}, ^^^^* 7>xl^ Ji^;^]- -g-g- 

^^^^Wl ^ ^B]^ Phan Thi en-Tanner (PTT) 

^ ^^^* ^^tb -^-im^i ^-i- <=>! ^^^^^^ 

^^^* Jl^tV ^1^1^ ^laB«<J-^^* -^£^1-31, o]^ ^ 

«fl free-end-point ^/tfll- f ixed-end-pont ^^IS w>^<H ^ tt^- 
(Newton's method)^ OCFE(Orthogonal Collocation on Finite Elements)-^]- ^ 
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<i3> ^ ^7] i:s.<^j t^^j^s. ^^^^ ^ 

x^z]- ^A^^ JL^^tb ^Itiflif}-^^^^ -n-2.^>^, 2]-^^^^ free-end-point ^^1 

» fixed-end-pont ^^S. w>^c>| ^ c)-^, OCFE S*?J^H 

:£#4 S-A>* ^^Vc*^ ^^sKoptimization)^ <?]:^sl- 

(stabilization)<^l ^^^1711^. S^^^- ^^^^^ 7fl^, 

7m ^'Hl ^^\+ ^51).* 7ltfl^ ^ oj^c)-. 

<14> ^ IrS^g tfl^o.^ ^A^sj- x^z^- 

^l7li^^ oj-g-^ uiVi^ll £#^^1 ^ 2-^> ^^^^ 

(Newton's method)5il- OCFE(Orthogonal Collocation on Finite Element) ^j-^^^ £ 
'^^-^H, 3)-3E-S-(| T^J-i^^ 

<i6> ...(1) 
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t= X r= X .»= 4t»= 



2C^ J%iD\.'\+(&t'/&£f eib- 2 f\Te^t' 



(2) 



21 j£|. 

f\'?d'^ '^^'^ 



(3) 



(4) 



(5) 



at z=0 . . . (6a) 
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<28> 



sr. 

at ' 



Sr 



■■ 0, 



at z=zf 



(6b) 



^x>^ ^1^, 7ls], AP^ 1311: «5>^o] <a-^;^].^ ^:^].^ 

^ ^-H, Z?fe ^5. €^-1,8 2)- PTT JE.^^^ v^?-^ De^ 

Deborah ^, Go^ ^^\% <I 

71^ TZair^ ^71^ Fc^ ^2]- ^71 <! 

^1^ ^n^^ ^fl7fl€^, Ge^ ^^>4 ^2]-^7l ^S, Goc^ ^^>^ tfl7l ^ 

S., 4^>^, OsB^ Stefan-Boltzmann , -B-^ ^S., Cp^ Dr 

<30> ^, ^^^^ ^^l^'^'fl ^7H^ ^-^o] ^^d]^:^:^] 

^-^S. 7>^*>^-^T^, ^ overbar7> ^4^*. 

^ Z^-Z^ ^^o:) ^a. laj-:^^ ^j-^^ ^T^]-^. 
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<31> ^ ^i^<^lA-1^ Ul^g-^ ^S.^^ ^^51 ^^]n9 £#^>^ ^^"^-ll^i. ^1 

:^d]] 45^- -g-^o]^ ^^^-^ SL^-^^S. S.^mJL7]-, TlBl-A]^ ^S. tflAl 

OCFE* A>-g--^-g: ^^i^S tbi^. 
<32> ^ ^^ofl^i A>^^ W]^^ ^tfl 37fl^ 

(multiplicity)7> ^^El^^T^ ^-^^^^ <^^mT=f. ^tb, i=f^«B7> i^-^q- 

^ ^l^<^l^i^ Al^E^ofl :£oj^ <:g^ol X\:^d\] vc\.s]- ^igE);^!!?]:, 

^^<=>] ^^^^ 1^-^1-1^1=1-. ^1 ^ 

<33> ol-srV, ^ ^r^^ ^^^'^ ^^^^ ^^Hl* ^}:^]^ 

^ €^1^^^ ^^Hl«^l^ ^^^^ 
<34> [-€^H1] 

<35> ^X\<^] l: ^1- :^lT3B«cj-^^ -^S. ^ ^:^l7li^^ ol^tb ^S. 

<36> 2^ ^^<^i ^^^^ -i-s<=j ^^<^i ^^<^i 9X<=>\ 

^-S.*!: ^^^^ ji^^H ^B^^ ^lwB«J-^^* -R-:£^>:ii. 
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o-^ei ^^^^^ ^€-&H o]^-^ «<=>i^i ^^n* £#*>^ ^'^]^. 

<37> 1^>-S ^1- IrS'^J S.^i# ^^S. -B-:£tl: Pearson^]- Petrie^ 

Fluid Mech. 40(1970) 1 ^ 42(1970) 609)<^1 7l^-5l-o^ PTT w]^^ 1: 

<38> ...(1) 



t=, ^''''O ^6=5 ^ Jl. y= JL ,j,jis= JiL 



<39> ^^lA-^, 



<40> ^^j-^t^:^Ai: ^0 ^ ^^^(2) 



<41> ^0 " 



<43> : 



<45> ...(4) 

<46> *^ 7] .^-l , ' ' 
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...(5) 



<47> 




<48> 



<49> 



at z=0 . . , (6a) 



<50> 




<51> 



^ ^£ ^^i,8 3|- PTT sm.^ De^ 

Deborah ^, Go^ ^^\% , 1 

/^l^, ^y^\% 4^1- k,,r^ ^A'E-y]^ Pair^ 

/Zair^ ^7l^ Fc^ ^2^- ^7] t 

^^1^^ ^11711^^, Gc^ ^^>€ ^2^-^71 Q«>^ ^7l ^ 

4^1-^, OsB^ Stefan-Boltzmann ^l-^, -R-:^! ^3£, Cp^ l-S-^, Dr 
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^-2.^ 7>^ -51-^^13^. z^- ^^o^ overbar7> ^^-^^ 
^W^} 0, F, ^2]- i^z^^ ^^1, ^ ^^]#, ^>^;^> 1, 2. 3 

^ 2^z]- j:^. laj.^^ 1^^^ tg.-^^ ^i^m. 



<53> >3-7l i^i*^^ 7>^#ol 5L^S|<^ o;[tq-: 

'^^V-^ S-^i^ ^^5l-^l7l^ ^Al-i^Cthin film approximation)^ 7} 

<55> ^^flS., ttl^^ 1^^^^ 1:^^^^ (helical instability)* flfl;<fl^>^ ^tfl^l 

<56> ^^11^. JL^^} ^^sl-(crystallization)^ 315^^1-^1 ^^-^^ , 

<57> ^^fl^, ^^^1- ^^^5l-(crystallization)^ JL^S}^] USO:^^ , 

•5>tS, £#ol ^7>^ *>^i=l-. #^1. ^^<^1 ^^^^ Irt!:^-^^*^! ^-i: ^, 

<60> -r-a. ^4 ^l-t>* *^fl -B-tb ^V^'^ (Finite Difference 

Method, FDM)^ Si^^l-^l 7}:^^}jl, t!: 7fl^ tfl^ 
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z^- ^^^^S. #c>:|M-7>fe ««}-^<=>lT=l-. ^J-^-^ '^-B-IJ-^X fiber 

spinning) -W-^^f 7l]^^(film casting) ^Iwfl^J- 

^^'^<^1 tij-^d^-^^* 7}^]^ V i+(.^/5zr ) ^ ^tgoflAi^ 

oil 7l'?l^Til-. 

<6i> ^^-^S, ^ ^^^^«<^1 tfltt 13-^^* n^^7] FDM3f 

(Newton's method)^ ^^Hl ^-§-^1-^1=1-. O.^^, wj"^^ ^^j-tt^ 7}^^- 

^ ^ei-^ ^-^1 ^€ ^m* ^x^. n^^M, A>-§-^ 9^1=1-. 

<62> ti>>cm-^S, i^J-ig^ ^^l-tlr^S 

OCFE(Orthogonal Collocation on Finite Element) ^^^^ S.<?^^>^rf. s. 2^] M-e} 

7]^ AiJi (element)^ ^^(NE)^4 ^ -S.4itfl2l ^x^>( collocation point )^ ^j^ 

4^(NP)^ ^i^^m :^]^ 

7>^t!r NE^ NP S.^ 5S ^^-eI^-^pIC^ 2a ^ 2b), ^1 ^^^^ ^■ 

Jacobian ^^1^^ ^^l^i tflA] tfl^^j ^^s.>^ ZL ^s.^ ^^1«fl^ 

^^^d* ^^1=1-. 5Et!: ^1^<^1 tflt!: ^>^s|- iJ-^-^S., ^:^l«fl^ ^^-^^^ ^tflfb 

^j-^ (second-order implicit backward scheme)-i- ^1-^s]-^t=]-. :£ 2cfe '^l-^il-^^ 
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<63> a-?!r, 0CFEi2f Dl^o:) ^^o;] ^t:f ^^tb S.a>» ^ 7^ 

^ yj-^o] Al-^sl^ii:^-. ti]^^ ^^J-^l-^i ^^^^ fe^l7> Al^e.]] rc|- 

51- ^-sl-Tll free-end-point ^^fl?}- 5)<:H >|5l^ ^^>^«^1 

^^17> ^^St!:T=1-. ^c|-5l-^i ^^^^S tflxi «fl ^-^S.'^ fixed- 

end-point ^^1^ wv^'^l^^ M^o.^ ^2^-^^ ^^^^ s-A>^ 



<64> ... (7) 

<65> 0^71^-1 AflS.^ ^^^^ ^O] 0<^1 £1^, fe<^HlA-1^ 1 

<66> . . . Ko) 

<67> . . . i.yj 

<68> ^7lA-l, S.^ ^Bl-i^t^. 

<69> ^^^m, ^ w^l:^ all:^ ^>i+2l 

^S. 7M^}^ -M^t:-]^ ^A>^ (cylindrical approximation) tfl^, z| ^1^5^ 
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-^^=^1 tii^tb ^ ji-g-^^^ ^<^1 ^ 

21-71- -^^ :l32l-l- <gTi>l4 ^A>-&>711 £.A}^>^7V7> «=lAl^T^ol 

*m ^^JS^<=>ll^i ^7] ^«^> ^2|-5>f ^z^-^ ^olo^ ^^^1. 

trfl, iq-S^flS. <?i^ ^7l^ '^Bl- A]^ 

4:£«fl» ^^-^VTll S^-&l-7l ^«fl, £ 4a<^lAl^ t!: ^7] 

#^'='ilAi ^<^]77}^] 7]^, ^ ^^^^^ ^ 

<7i> S. 5^ -T^^l ^^l^ar-^l^l 3711^ til-^rll(raultiplicity)7> 

^A}-3l-7ll ^^^^S'i^l. ^ ^fl^m 1:^>€ S^^l- <^1<^1 tcj-^ 

^fl^^l T^Tl-f ^^*>al ^x^. <^7lA-1 c^Aiti] q-^^fl^ 

(■^^13171- Ji;^jsl^7l t>fl^o]l(DR=35), ZLeflH^ 71^71^ 1/35S. ^^^^til-Jozl- 

<^;<J <a-^^> 51^>^ :t^sl^ 37fl^ ^^^tfl^, "E-^^^o] ^^-g-^ofl 
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£ Ir^^V^il A-ls r]-^ ^^^1 ^^^(TR)3zl- (BUR)* 

i-s.<^j ^^^^ ^^^^ ^^^n^ n ^ <=>}^^, ^^j^ 91^^ 

r^iS. 5c), 2711^ ^-^ ^Bflfe -yr^-t^ ^ 5b ^ 5d). #^1, ^ 

^■S^ s\-S.n:^^ ^<^^ 

<72> 3l]-iESfl* ^^S, <il:^<:>)l 7fl^^ ^ 

^ «c}-^> ^^3X|. ^S. f^^^^S^ <^^^^ 7l§^^ ^^oj ^^<^lAi£ ^91^ 

^ ^JL, ^^S., ^^^^^(viscoelasticity), v]^ ^7l^ ^ ^71^^=, ^ 

^(sensitivity analysis)^ ^^<^^i^ ^<='1 3|-£-g(]* A>-g-^o.s 

^ ^ SX"^. ^^S., ^7] 2711^ -fr^^d^ ^^^^ 3. 

^^}^ ^7l«?J- ^ ^7l<a= ^ ^o] :§-^ 

^S^^^^lf ^^o^ *J=^^l7l7l ^tt ^ 

^7l ^5^^ 7M% ^ Sitf^ ^^li^. ^^S. ^^sKoptimizataio 

n)^ ^^2l-(stabilization)<^l ^^1 71]^ ^ Jl^;^> €S 7fl# -f-<^l£ ^ 
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<73> -^71 €^H1» #3^^ ^<^1. ^ ^^-^ IrS.'^J 

SA]-^ ^1A> s-m ^tb ^-^S. wl^^ Ir^^J tfl^o. 

S TT^ T^J-^ (Newton's method)^ OCFE( Orthogonal Collocation on Finite 

Element) ^S.«flfe w]^^ ^^^^^ 

#^ -a-s-^^* ^^^v^^^. w]^^ ^<^]^ -a-^ 

^^^j* ^^ ^^^€^1^ W]^^ ;^lc^lo1] -§-g-^ ^ , ^^^^ 

^^Sl-Sq- o>;:gs|-<^ 7M, -^^^ S:?!^!- 7ll^, JL^T]- 

tifl^ ^^th ^i:^ 
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^^^^ ^-^^^ ^z^- s-^^o] j7^^ x^^3] ^iHfll^^^^^ -^£-5>Jl, 
* ^^ :^'S]-^]^^ free-end-point ^:£-7lEl^ f ixed-end-pont 

wV^^H ^ Ti|-^, TT* (Newton's method)^!- OCFE (Orthogonal Collocation on 
Finite Elements) ^^"U^ S.'^^-^ ^■^^S. ^f. ^^oj s^S.^ :^]^ 



14. 



^^^0 ; ^ ^SK- ^ S 

o^7lAi. ■ ^ 



2-=s o i g , ,iLp=s j:* r.,— --JOs. 

3<at^.»ta f"*"?ri- 
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...(3) 



^^^13-^^: ■ " ...(4) 



jtS?= exutcJOfetrr], £= V*r-«a 2i?-CviH- V»*)f i3iSe= job = £ie e^pW-- ill 



"=-=-=*=i— * at z=0 ...(6a) 



gr ^ S)- V =n P _ ^ ff=iff 



^ ^^i, Z?^ ^^>€ ^S. €^i,8 3i|- PTT S.€^ ^fl7fl De^ 

Deborah ^, Gofe ^S, ii:^ -^:^>^ ^^^s]- <^]i^^], ^^V^ <1 
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71^1 ji,.,,^ x^Z^ ^7121 Jf-^>€ ^Z^- ^7] «i 

^1^ ^n^^ ^fl7fl^^, ^^V^ ^2:1-^71 Gco^ ^7:>^ tfl7l ^ 

^^>^, OsB^ Stefan-Boltzmann -^-^1 Cp^ 'I-g-^, Dr 

7l-^^^>^o.p^, z]- overbar7> ^/^l ^V-^l ^^», 

^>^^> 0, F, t].o] i^z^-^ ^^1, ^ ^}^^> 1, 2, 3 

^ z^-z]- ^^1^. 

IrS^j ^^^^ 3i-:E-sfl ^lAV 

^^^1 wi^i^ 0].;^^^ ^'H^i, 
^1 71:^11^ 1:S<^] 3i^S.n :^]^ IJ-^^ 

^ S>]^:^^■J!].:^o^ S,A}^ o]^-^^ -51-^ w]^^ ^^^^ 
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^1 1% ^1- :^]^ 

^i-S ^^(sensitivity analysis)-^^^^^ "^^^ ^^i^S "51-^ ^^^^ ^l^sj- ^ 

[^^^ 5] 

^1 ^^oj :^1aV ^ 

^^-^S "E-^^ sl^5l-(optiraization)^ 

(stabilization)*^! €-S-t!: ^^^1. 
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IS. 21 




'a' "if 



1. 



0 



i 
f 



m-f^ 
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3] 
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IS. 4] 



1020050012890 





p) Dtmen$lonres$Mbter{Kllu»(4 
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